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(54) SEMICONDUCTOR DEVICE 

(57) Abstract: 

PURPOSE: To reduce the high-frequency impedance of a power conductor and 
lessen the potential ripple of the power source by the operation state of a 
semiconductor chip by forming a bypass capacitor provided between the power 
source and earth potential, inside a package for a semiconductor device, and varying 
the capacitance values of the bypass conductor with places. 
CONSTITUTION: Power conductor layers 2-a and b connected to a power terminal 
1 through power wiring 10 are stacked alternately with earth conductor layers 5-a, b, 
and c, with insulating layers between. The power conductor layers 2-a and b, and the 
earth conductor layers 5-a, b, and c, which form a bypass capacitor, are connected to 
a semiconductor chip each through power wiring 13, earth wiring 14, bonding wires 
8-a and b, and those are stacked with insulating layers between, but the numbers of 
stacks are varied between the section right below the semiconductor chip 9 and the 
peripheral section in the vicinity of the terminal. Hereby, it becomes possible to 
change the ratio of the capacitance per unit area to the inductance of the conductor 
between the section right below a chip and the peripheral area of a terminal, and for 
convenience two resonance frequencies are obtained. 



IB'.'.* 

' ti! MM 

'. 5-nB-hGtc 
1 1 \ I , 



mm (4 

-t: j* f — : — ., ■ 1 *— 



9MW*M 



\ 



• & Hit 



I 



LEGAL STATUS 

[Date of request for examination] 15.03.1995 
[Date of sending the examiner's decision of rejection] 
[Kind of final disposal of application other than the examiner's 
decision of rejection or application converted registration] 

[Date of final disposal for application] 

[Patent number] 2606 1 1 6 

[Date of registration] 13.02.1997 
[Number of appeal against examiner's decision of rejection] 
[Date of requesting appeal against examiner's decision of 
rejection] 

[Date of extinction of right] 

Copyright (C); 1998,2000 Japan Patent Office 



1 of 1 



\ 



4/3/02 8:10 PM 



(19) H*S#ff Jr (JP) 02) 3k Q & (A) ODft^fflH^WS^ 

#W¥7 - 202072 

<43)&HB ^JtE7^(1995)8fl4H 



(5i)inta. s me* i?rtsei## fi i*«3i*tsffi 

HO 1 L 23/12 3 0 1 Z 



?&£a>&3 OL 6 H) 



<21){i«## 


*fRT5 -334649 


(71) MBA 


000004237 




<22)(1UKB 


5 ^(1993) 12J328 H 


(72)f8!JMf 










(74)ft»A 


#8!± 3rC* iltW 





(54) ¥3M*KfK 



(57) [ge»] 




(2) 



(¥7-2 0 2072 



l*lk:BJB£ *i*:¥*t*-?- 77!:, BatB^ttf- y 

asm© ^ffiis-r %> t:Mz m& ^m^^mizm 

n^ay^y^b. ma£¥i»fai- -y 7"tffgmZtL& tf/iB 
2<wU ^xay^y^b Zffit. mm 1 «vM 
[|i*JS2] friBBl WW^^n^-r^-fcmfiB^ 

Ji b omm® * mfiem i t m tern 2 t -eit 



2wqy«3yfm, miasms tiwiEiffe»ffr 
«tf>*ri*rr-6 ts*&Boiem 1 nmtt ma£m2<m®t 

[2^<of¥iNll&§iBJI] 
[0001] 

[0002] 

59-21125 1#&&. <! 



3-9 44 5 2, 
[00031 16(1. ^*W\"/^-^*l*FgPW^ ;n°X 

[ 0 0 0 4 ] H6 1 J; £ b , 1 tcSSKSfifcm 

ag^flsjf 2 - a , b(i-b5 5 •y^ftSV^i^y^r— 

tacsnx^KVWi 5 - a~ c t imizmmztix v> 
j j r8-cZjtLx i m{ki~vy9i,zmm2tiz>» mm 

>f^5-b^^LT^*^--yr9tifgn$^„ JhfE 
<0«lfc««S *lfc«KWWB 2 £: $«S##J» 5 b it . tit 



moy?y*rZffi&L¥Mte1"y T 9 nmy&zfflffi&ti 
h fctf>„ -y ?—i?<nft%&ffl&fth>M >~r >- 

^L/t|H|K-C, S^V 1 ' , G 1 ' 
fc»r&®llg^l. S«T 4 . V2' , G2' 14 

hMsesr t' izmm-tz mm®? 1 . ssftasB 1 
io vr ^ -y *r- =jft<7>mmmzim zti& . e 

E ' frhtgm^fc^^RWS&lZfohl,^' . LC2' . 

Cb ' , Rgz' , Lg2' t«-f (M 

w> 4yv-yy*b%*)mmmfomk<7>m'&£*)4>' 

[0005] 2m*ri'fflm%:b"(7)7° : 7^v 
30 UzV&mb Ltti, ^^HS5 7-4925 

08 ( a ) {4diom~os!*^¥H0. ( b ) \mm 
[0006] zcr>mr.<nmmMX'iz. y 2 3 

ETO^ ^-y h" 2 4 IS?(4s ^^««2 4 - a~c bW$ 
«ft:2 5-a, b(7)iR®«it^MLTt5 0 , ZtllZX*) 

^.yjr-itfomzay^yy-Z&f&LXtfy'rJ y?v 

A *?2 6 - a~et*S*f77'2 3^1/ - H 2 7f>Jg 

■y ^-^wawcqr*-* z\bifZ£& ^jmtMz^tzm^ 
m& b b mmeym&tt Lx^&i>nb m.*>Kh tfi, m 

MWJi^EJ&^^-f-f yrx?'( J r<7>frxift*>tih*zi'>4 y 

'tsm'&hfoZ. $.tz. r^x-f-y^-y^-S^XBflMr 

mmiz «t h Wm ^ =5: if &M%: -? X t ^ ^ i: t VHT'S> 

S o 

[0007] 

50 yi'yy-Z'? >y ^- ^*rt»tc«Blc-r * ZblzX •) 



(3) 



#l^¥7-2 0 20 72 



tt*)?fflWft-f yv-fyxZimL. y tv> 

yv—yyxtzif^u ^xayry^-frLtzA 
yv-yyxtf&^mtffimzhtz^x^ <tphz 

■^comVM&^tmti^ >y ^ - ^T-S k 3: h . <r ft 

[00 08] 

[00 09 J 

xay?yv[HMimi / z^xm8£m^xmwt& . 

[00 1 0J HlfcJ;4fc, WSBBHf 1 te«*H» 1 o 

3 fciiS AT'£S*>fe&l>*£ifc*S^ 4 (z&ft 1 
l*^-LT«RS*uWS3l»fMI5-a, b, ck3a 30 

(^wasiiTu*. fi^^f 6i±&«m^mmi 2, n 

^ftS 7 . & t L < fctefc ff^tt^t & iK^x -f y? 
«*Wfl*2-a. b . tSKffWB 5 - a . b, 

c(±#*tWi3. t^HliSea 1 4 , tfy^iyrv 

-f-V8-a, 8- bS^LT ^#^7(3883*1 
S. mWWM2-a. b fc aSfiSWW* 5 - a , b. c 

«W»*JB2-bfcas»«dB5-cfcii. ^ 40 

#flc* >■/ T 9 <7)W.TffiMz& \.*xmiW-y0>&&* 
>"r v f - 1 8 14, *f«^ 1 6 £¥#flsf- y 

T9ti§mt&*iMzmir'z^&. mi 9i±^mmxm 



cr>-(yy?? yxcoltmz&z. £ £ k *«rfB k * 0 . ft 



'til 



3teJ;& k . v79tg|£Lfc«BS8»4¥W 
flcf- «y 7° k jg^ftS VOTfV l *» fey * -y $r— 5^v» 

a*-*. *3fflc^yT9<oiwHjaB(cj:«3«asEaaB«B 

ttU Zft.lzXVtfyrjyfvA-'rS-a.. b. c 

##ffcJl2, 5, 7*iJ:l**«mo, 11, 12, 1 

3,14 * >-x Lv i toiaem* la: 

^y^ffifmmmmhtz *> (^ms.m.<r>m^m m<o 

A yy??yxcoMmzJ:i , )CtitCs2k2icr)ay7 : 

[ooiiiHits Lttmiey^mfa&immco^y 
■sr- k m 6 iz^ Ltzmzc?>¥mi$imm' * v w 



■CaWf-S. Ell fcHSfciSUfc^y*— i'lCfcVvtS 

ftcDBnmmi: 2$-cr> i k lt* & . ^^^mis-f >- 

xuy^y-vzftLtzJ yv-ryxw®. i-tm&X' 
IBA ) WIS a *>'iyg®^(i{£< k £ « ^ t-^ 

iz&it&mmffiWMB' ktt^2mmm<%:&. 
[0012] <ktttwnc?)m2<7)mi&mi l z^^xwmt 

yf ywttfi&Mtt. * ■& ^ -y ^- 

b k JgflkSWsJi 5 - c , d^^.jKS-'^^wnyf^ 
^ Jgtft L , 3&*o¥»ft f - -y r 9 rrWiW* fe > * -y ^- 
ifiiitcS&fl^tcbVaaMMI 2 - a , jfiltt«fMI 5 - 

a, blZi*)y<A ^Xziy^fy^rtrm^LLX^. Z\cr> 

miz^^x^yfy^m^thzt^io, §#co 
^titi. JH|BB?16«ii3£t»®SP*J««-*WL 

>f yy?*yxtiiftb txmm^i ew+X'fo&n 

X'imft&^mmtffimxrt4 nx^y^ry*r<r>A ye 

— y yx i: /h§ < -th i k s&^rffi-c* * j&» fe * . 




(4) 

5 

[0013] *mxr>mi &vm2<r>mwMx°it. %m 
ft'* «y ->-- itfocowmmtkm t mmfcm<mmwLim 

[00 14] 

gffif&thZtlzi*)^ >^^°xrJ^^T^^«c^ 

20 

[02] 010^^0. 

[03 ] 0 1 <o4^»#§sra;<y *-s^>*» ■ mmm 

#«8&0. 



#if7-20207 2 

6 

[04] ^4 AxnyfvtW'f >^"—y>^cM^m. 
[05] ^HJicom2^||JgCT^^^^EfflWN° 
[06 ] ^*co¥#^ffifflvN°-y 5*oRWH. 

[ 0 7 ] 0 5 W^SffrlSSffl; * >y ^- a/V)®B ■ ffitffi© 

«t<oiHIS0 o 

[08 ] ( a ) im-vM&mnimmmm^-yi-- 
>wwb. ( b ) a < a ) ^BfH0. 

[W^iiBjJ] 



1 




2 -a, b 




3 


mmm 


4 


msm? 


5 — a , b , c 




6 




7 




8 — a , b f c 




9 




1 0 




1 6 




23 




24-a, b, c 




25-a, b 




26 — a, b , c, d, e 




27 





[01] 



5-0 5-b 5-c 1 1 



9:^»*^>^ 13 / 2-a 2-b 1 





i 



(5) 13WP7-2 0 20 7 2 




[03] 



VI p 

I 



4 



Rtfl Lvi 

AVI — w 



RSI 




R V 2 

A/W 



Ld 




LV2 




R V 3 

AAAr 



LC3 



L GI ^-l Rcz ^-T R03 l_G3 \~ 

4P~M/w — w-maA/ — nnr^ 



LV3 



>V2 



4 



G2 



[07] 



ioo 




Gl 



v ;> — W — WS-AV^ — W- 




L V2 ' I M « 



LCI 




Rei' Lgi' S 1x2 Rgz* l B2 ' 



1 



G2 
4 ifttttt? 



10 100 
H itt tt <Hz) 



4 



(6) 



#if7-202072 



[B5] 



15:. 
II 



J4 

13 asstt ( 5-a( / io$sett 




4 

6 m^m* 



[06] 



2: SMttB 
!-0 




3 mmm 



1 HKtt* 



[H8] 




26 #>^M >y 



24 



26-e 



25- a »«tfc 



25 -b 



4 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



♦NOTICES* * < " 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] It is related with the bypass capacitor especially formed in the interior of the package for 

semiconductor devices about the semiconductor device of this invention. 

[0002] 

[Description of the Prior Art] Conventionally, there are JP,3-94452,A and JP,59-21 1251,A as structure in which the bypass 
capacitor was formed to the interior of the package for semiconductor devices. This conventional example is explained using 
a drawing. 

[0003] Drawing 6 is a cross section showing the structure of the bypass capacitor inside [ conventional ] a package, moreover, 
the power of the package of the former [ drawing / 7 ] and a grounding -- it is the circuit diagram of a conductor 
[0004] According to drawing 6 , the laminating of power conductor-layer 2-a connected to the power terminal 1 and b is 
carried out by turns [ grounding conductor-layer 5-a-c and by turns ] which were connected to the earth terminal 4 on both 
sides of the insulating layer 3 which consisted of a ceramic or a polycarbonate. The signal terminal 6 is respectively connected 
to a semiconductor chip 9 through the signal conductor layer 7 and bonding wire 8-c. Similarly, the power conductor layer 2 
and the grounding conductor layer 5 are respectively connected to a semiconductor chip 9 through bonding wire 5-b. Since a 
multilayer ceramic capacitor is constituted and it connects with the latest of a semiconductor chip 9, the power conductor 
layer 2 and the grounding conductor layer 5 which were constituted as mentioned above have the large effect of reducing the 
RF impedance of power as compared with the bypass capacitor linked to the exterior of a package. This effect is explained 
using a circuit diagram. It is the circuit shown in drawing 7 , and the power terminal 1 which terminal VI' and GT connect 
with a semiconductor chip respectively, the earth terminal 4, V2\ and G2' are the power terminals 1 and the earth terminals 4 
which connect with a printed circuit board etc. respectively, although a power current generally changes by the operating state 
of the element in a semiconductor chip -- change of this power current -- power-terminal VI' minding - the power in a 
package — it is transmitted to a conductor change of the transmitted power current ~ power ~ it becomes a voltage variation 
by the bonding wire of a conductor, or the counter-electromotive force of inductance LVT of a bonding stitch fraction, and is 
drawn to power-terminal V2 1 connected to a printed circuit board etc. a means to stop a source effect at this time ******-- 
bypass capacitor CB ' - power -- a conductor and a grounding -- a conductor - it inserts in between, a source effect 
(alternating current component) is transmitted to a bypass capacitor side, and it derives to the G2' terminal side which is stable 
potential that is, the alternating current-impedance of the power circuit in a package - power - the impedance by pure 
resistance RV 1' of a conductor, RV2' and inductance LV1', and LV2\ and the grounding from bypass capacitor CB ' the 
synthetic (parallel) impedance of the impedance with LCI* in the derivation path to a conductor, LC2\ CB ', RG2\ and LG2' -- 
becoming -- power ~ a conductor ~ an impedance can be reduced from the case In the conventional example described 
above, the insulator which forms a capacitor consists of the same material as the insulator which forms a package base, and is 
presenting the structure which generally assumed ceramics, such as an alumina. 

[0005] There is JP,57-49259,A as a conventional example which made plastics, such as an epoxy resin, the package base. 
This conventional example is explained using a drawing. Drawing 8 (a) is a plan of this second conventional example, and (b) 
is a cross section. 

[0006] In this second conventional example, metallic-conductor 24-a-c, dielectric 2 5 -a, and the laminated structure of b are 
presented, and the die-pad 24 section of semiconductor chip 23 directly under forms a capacitor in the interior of a package 
by this, by bonding wire 26-a-e, it makes connection with a semiconductor chip 23, the grounding potential of lead 27, or 
power potential, and is operated as a capacitor. Although it is thought in this second conventional example that the effect by 
having a capacitor inside a package has the same effect as the conventional example described previously, since electrical 
installation is performed only by the bonding wire, an inductance tends to become large, and a desired effect may not be 
acquired. Moreover, it is also a fact to have spoiled the cheapness by the simple structure of a plastic package etc. 
[0007] 

[Problem(s) to be Solved by the Invention] constituting a bypass capacitor inside a package generally -- power - the RF 
impedance of a conductor is reduced and power potential change by the operating state of a semiconductor chip can be made 
small When a source impedance is reduced and it suppresses power potential change by the bypass capacitor, in order to 
acquire the sufficient effect, it is desirable that the impedance which minded the bypass capacitor compared with the source 
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impedance becomes small over a large frequency band, since [ however, ] the bypass capacitor is formed with single structure 
within a package in the case of the bypass capacitor built in the conventional package for semiconductor devices inside ~ 
power -- the proportion of the inductance of a conductor and the electrostatic capacity of a bypass capacitor becomes fixed 
within a package a resonance of the impedance which minded the bypass capacitor by this one point -- becoming -- power - 
a conductor - the frequency band used as less than [ the impedance of a simple substance, an EQC, or it ] had the fault which 
becomes narrow 
[0008] 

[Means for Solving the Problem] With the package for semiconductor devices of this invention, the bypass capacitor attached 
between the power-grounding potentials of a semiconductor device is formed in the package for semiconductor devices, and it 
has the structure where the electrostatic capacity value of this bypass capacitor was changed by the location in a package. 
[0009] 

[Example] The structure with a built-in bypass capacitor in the package for semiconductors of this invention is explained 
using a drawing. 

[0010] power conductor-layer 2- which consists of the metal layers (gold, aluminum, etc.) or semiconductors (contest 
polysilicon etc.) layer connected to the power terminal 1 through the power wiring 10 according to drawing 1 - the 
laminating of a and the b is carried out to grounding conductor-layer 5-a connected to the earth terminal 4 which consists of a 
metal on both sides of the insulating layer 3 which consisted of a ceramic or a polycarbonate through the grounding 1 1, and b 
and c by turns The signal terminal 6 is connected to a semiconductor chip 9 through bonding wire 8-c which becomes 
respectively with the alloy with a signal wiring 12, the signal conductor layer 7, gold, or gold. Similarly, power 
conductor-layer 2-a, b, grounding conductor-layer 5-a, and b and c are respectively connected to a semiconductor chip 
through the power wiring 13, the grounding wiring 14, bonding wire 8-a, and 8-b. Although the laminating of power 
conductor-layer 2-a, b and grounding conductor-layer 5-a, and b and c is carried out on both sides of an insulating layer, they 
are changing the number of laminatings in a part for the direct lower part of a semiconductor chip 9, and the circumference 
fraction near the terminal. That is, power conductor-layer 2-b and grounding conductor-layer 5-c do not form the conductor 
pattern in a part for the direct lower part of a semiconductor chip 9. The perspective diagram corresponding to this is shown 
in drawing 2 . The through hole 17 is formed here in order to make the conductor layer which does not need connection in 
order to connect the external terminal 16 to a specific electric conduction stratum pass the wiring from the external terminal 
16. The bonding stitch 1 8 is formed in order to connect the external terminal 16 with a semiconductor chip 9. The lid 19 
consists of a metal etc. Since other fractions are the same as that of what was shown in drawing 1 , they omit an explanation. 
This enables it to change the proportion of the electrostatic capacity per unit area, and the inductance of a conductor in a part 
for the chip direct lower part, and a terminal circumference fraction, and two resonance frequency can be obtained for 
convenience, this power ~ a conductor and a grounding ~ it is drawing 3 which expressed the conductor with the circuit 
diagram According to drawing 3 , the power current generated by the semiconductor chip 9 flows into a package from the 
power terminal VI connected with a semiconductor chip. By the operating state of a semiconductor chip 9, it changes, the 
counter-electromotive force of the inductances LV1, such as bonding wire 8-a, b and c, each conductor layers 2, 5, and 7, and 
each wirings 10, 11, 12, 13, and 14, occurs by this, and a power current serves as line voltage variation, for reducing this 
change effectively ~ a bypass capacitor -- power - a conductor and a grounding -- a conductor - what is necessary is to insert 
in between, to transmit a line-voltage-variation component (alternating current component) to a bypass capacitor side, to 
establish the path derived to G2 terminal side which is stable potential, and just to place In this example, the configuration of 
a bypass capacitor will be constituted from CB1, CB2, and two capacitors by the difference in the capacity value per unit 
area, and the difference in a surrounding inductance. 

[001 1] The difference in the effect of the bypass capacitor of the conventional package for semiconductor devices shown in 
the package and the drawing 6 for semiconductor devices of this invention shown in drawing 1 is explained using a graph. A 
point different in the package shown in drawing 1 and the drawing 6 is only the configuration of a bypass capacitor, and has 
set electrostatic capacity for the semiconductor chip direct lower part to 1/2 with the package of drawing 1 compared with the 
package of drawing 6 . Frequency change of the source impedance at this time is shown in drawing 4 . according to this ~ 
power - a conductor ~ the impedance at that time has also become [ the way of the impedance characteristic (it enters with an 
alternate long and short dash line) the impedance characteristic (it enters by the dotted line) of a unit was almost equal, and 
minded the bypass capacitor of the conventional package in the conventional this invention ] low [ resonance frequency ] 
small however - since the impedance characteristic (it enters as a solid line) through the bypass capacitor of the package of 
this invention has two resonance frequency and the frequency is comparatively close ~ power ~ a conductor -- frequency 
bandwidth B used as the impedance of a simple substance and the value below an EQC becomes large about 2 times 
conventionally compared with frequency bandwidth B' in a package 

[0012] Next, the 2nd example of this invention is explained. Power conductor-layer 2-a, grounding conductor- layer 5-a, and b 
constitute the bypass capacitor from drawing 5 also into the fraction from a part for the semiconductor chip 9 direct lower part 
to [ in order to change the electrostatic capacity value of a bypass capacitor within the package for semiconductor devices, 
forms the bypass capacitor which the external terminal 16 of the package base 15 is formed, and consists of power 
conductor-layer 2-b, grounding conductor-layer 5-c, and d to a field, and ] a package end face. Thus, by constituting a bypass 
capacitor, the characteristic feature from which the reduction effect is acquired from the first also to the noise component 
which flows from the external terminal 16 side has the effect stated in the previous example. This is because it is possible to 
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have an electrostatic-capacity component in the latest of the external terminal 16, and to make the impedance of a bypass 
capacitor small by the comparatively large frequency band since it is only the external terminal 16 as an inductance 
component. 

[0013] Although the bypass capacitor of electrostatic capacity different by changing partially the number of laminatings of the 
power conductor layer in a semiconductor package and a grounding conductor layer has been obtained in the 1st of this 
invention, and the 2nd example, you may obtain the bypass capacitor of the electrostatic capacity which the spacing of a 
power conductor layer and a grounding conductor layer may be changed partially, and the dielectric constant of the insulator 
layer between a power conductor layer and a grounding conductor layer is changed partially, and is different. 
[0014] 

[Effect of the Invention] as explained above, the structure of the bypass capacitor in the package for the semiconductor 
devices of this invention constitutes two or more capacitors by which electrostatic capacity value is different in a package ~ a 
bypass capacitor and a conductor — two or more resonance frequency of a section inductance can be boiled, and can be 
carried out Two or more of these resonance frequency can be set up among two to 10 times by adjusting the electrostatic 
capacity value of a bypass capacitor suitably. Therefore, by constituting the bypass capacitor of this invention, it is possible to 
extend a frequency band compared with the configuration of the conventional bypass capacitor, and the depressor effect of 
supply voltage can be enlarged in a wide range frequency band. 



[Translation done.] 
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